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Presentation Agenda

•Flood Vulnerability Report Results

•“Menu” of Flood Risk Management Measures

•Preliminary Alternatives

•FRM Alternatives

•Conclusion



Flooding at Washington Navy Yard
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FEMA
10% (10 yr.)= 7 ft. NAVD88
2% (50 yr.)= 9 ft. NAVD88
1% (100 yr.)= 10.5 ft. NAVD88
0.2% (500 yr.)= 14 t. NAVD88

SLOSH
Category 1 Hurricane= 4.7 ft.
Category 2 Hurricane= 7.5 ft. 
Category 3 Hurricane= 11.5 ft.
Category 4 Hurricane= 16 ft.  

HistoricCurrent



Flood Vulnerability Report (FVR) Results
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Essential buildings at risk: Moderate: 21 | Major: 32 | Severe: 37
- USACE 2100 Sea Level Rise (2.3 ft.) + 10% Annual Chance storm: 

 14 Bldgs.  29 Bldgs. at risk of flooding
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Menu of Flood Risk Management Measures

Planning Tool describing FRM measures 
 Structural: 16 | Nonstructural: 6 



6

Preliminary Analysis

• Preliminary Screening of Measures
• FRM measures considered• Preliminary Screening of Measures

• FRM measures considered

Floodwall

Flood Proofing



Preliminary Analysis (con’t)

• Sea Level Rise 
• 2035, 2065, and 2100 planning horizons
• Strategic Environmental Research and 

Development Program (SERDP)
Database (2016) 

Global Scenario 2035 2065 2100

Medium 1.3 ft. increase 1.9 ft. increase 4.0 ft. increase

High 1.3 ft. increase 2.6 ft. increase 5.6 ft. increase



Preliminary Analysis (con’t)

• Design Flood Elevations
• Floodwall

• Historic Preservation
• Anti-Terrorism Force Protection
• Site Constraints

Red= 4 ft. wall; Green= 6 ft. wall; Yellow= 8.5 ft. wall 



Preliminary Analysis (con’t)

Red= 4 ft. wall; Green= 6 ft. wall; Yellow= 8.5 ft. wall 



Preliminary Analysis (con’t)

Red= 4 ft. wall; Green= 6 ft. wall; Yellow= 8.5 ft. wall 



Preliminary Analysis (con’t)

• Final Design Flood Elevations (DFEs)

• Floodwall
• Low: 9.5 ft. NAVD88 
• Medium:11.5 ft. NAVD88
• High: 14.0 ft. NAVD88 

• Non-Structural
Variable 



Alternative #1

1A & 1B= ~2,400 LF | 1C= ~3,900 LF
2 pumps stations, 1 small pump 



Alternative #1

Advantages:
• 9.5 ft. permanent wall
• Adaptability for floodwall 
• Majority along current 

fenceline

Disadvantages:
• Significant manpower and 

storage
• Maintenance to pump stations 
• Risk of failure to entire system 
• Adaptability of (3) FP 

structures

Costs: 
• ~$14 - $21million
Benefit-to-Cost:
• 3.3- 54.2

Manpower: 
• 4 work crews for 1B 
• 8 work crews for 1C 



Alternative #2

2A & 2B= ~2,900 LF | 1C= ~4,200 LF
2 pumps stations, 2 small pumps 



Alternative #2

Advantages:
• 9.5 ft. permanent wall
• Adaptability for entire 

floodwall 
• Majority along fenceline 
• Protects all buildings

Disadvantages:
• Significant manpower
• Maintenance to pump 

stations (additional 
pump)

• Risk of failure to system 

Costs: 
• ~$13.7 - $20.7 million
Benefit-to-Cost:
• 3.5- 55.3 

Manpower: 
• 6 work crews for 2B 
• 11 work crews for 2C 



Alternative #3

3A & 3B= ~3,100 LF | 1C= ~4,400 LF
2 Pumps Stations, 1 small pump 



Alternative #3

Advantages:
• 9.5 ft. permanent wall
• Decreased viewshed 

impact
• Potential for strategic 

design in southwest area

Disadvantages:
• Significant manpower
• Maintenance to pump stations 
• Additional closures
• Risk of failure to system
• Adaptability of (3) FP 

structures

Costs: 
• ~$13.2 - $20.4 million
Benefit-to-Cost:
• 3.6- 57.5  

Manpower: 
• 7 work crews for 3B 
• 13 work crews for 3C 



Alternative #4 

4A & 4B= ~3,200 LF | 1C= ~4,500 LF
2 Pumps Stations, 2 small pumps 



Alternative #4

Advantages:
• 9.5 ft. permanent wall
• Decreased viewshed impact
• Potential for strategic design 

in southwest lawn area
• Protects all buildings 

Disadvantages:
• Significant manpower
• Maintenance to pump 

stations (additional pump)
• Additional closures
• Risk of failure to system

Costs: 
• ~$13.1 - $19.8 million
Benefit-to-Cost:
• 3.6 – 57.7  

Manpower: 
• 8 work crews for 4B 
• 14 work crews for 4C 



Alternative #5

Individually flood proofing 39 buildings
 37 essential and 2 non-essential



Non Structural Flood Proofing Assessment 

Existing Structure                                        Flood Proofed Structure

The most common physical flood proofing measures implemented for flood damage 
and life loss reduction are considered to be:

• Acquisition; Relocation; Elevation; Dry Flood Proofing; Wet Flood Proofing

Nonphysical flood proofing measures are considered to be:

• Floodplain Mapping; Land Use; Flood Insurance; Evacuation Plans; Flood Warning 
Zoning; Operational  Changes; Emergency Preparedness Plans 



Flood Barriers for Doors and Windows



23

Slab

Temporary Barrier

Closure/Shield

Dry Flood Proofing Historic Structures

DFE

1%
FF

FG

BUILDING SECTION (at Grade)
Not to Scale

INTERIOR                 EXTERIOR
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Theater - Ring wall

SITE PLAN
Not to Scale

Dry Flood Proofing Historic Structures

Closure/ShieldElevated Equipment Temporary Barrier



Wet Flood 
Proofing



Elevate External Utilities



Alternative #5

Advantages:
• Flood risk managed for 

individual structures 
• Less storage required
• Can be budgeted and 

implemented in phases
• Least expensive alternative 

Disadvantages:
• Not as adaptable
• Historic preservation 

standards
• FRM level varies (many 

buildings less than 11.5 ft.)
• WNY property still flooded

Costs: 
• ~$12 million
Benefit-to-Cost:
• 4.2- 61.4  

Manpower: 
• Varies per building; 

Significantly reduced with 
certified flood proof doors



Alternative #5- FRM Comparison

Flood proofed buildings at flood elevation 11.5 ft. NAVD88
Green= flood proofed to elevation 11.5 ft. or higher
Red= flood proofed to 11.4 ft. or below



Conclusion

Table 9-1 in the FRM Report

• FRM measures selected:  flood wall, closures, dry 
and wet flood proofing

• Cost and Economic Analysis
– $12K  (Alternative #5 – nonstructural flood 

proofing) 
– $13K - $20K (all floodwall alternatives)
– BCR is highest for the Alternative # 5 
– Of the floodwall alternatives - BCR is highest 

for Alternative #4

• Advantages – Disadvantages

• BCR for each individual building for dry and 
wet flood proofing.


	Slide Number 1
	Slide Number 2
	Flooding at Washington Navy Yard
	Flood Vulnerability Report (FVR) Results
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29

